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In the title compound, [Ni 3 (C 10 H 22 N 2 S 2 ) 2 ](ClO4) 2 , the 
complex cation consists of a nickel(II) ion and two 
[Ni(C 10 H22N 2 S2)] units with an N 2 S 2 tetradentate ligand, 
3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanethiolate). 
The central Ni 11 ion is located on a crystallographic inversion 
centre and is bound to the four S atoms of the two 
[Ni(CioH22N 2 S 2 )] units to form a linear sulfur-bridged 
trimetallic moiety. The dihedral angle between the central 
NiS 4 plane and the terminal NiN 2 S 2 plane is 145.71 (5)°. In the 
[Ni(Ci 0 H 22 N 2 S 2 )] unit, the two methyl groups on the chelating 
N atoms are cis to each other, and the two six-membered N,S- 
chelate rings adopt a chair conformation. The Ni— S bond 
lengths and the S— Ni— S bite angles in the central NiS 4 group 
are similar to those in the [Ni(C 10 H 22 N 2 S 2 )] unit. 

Related literature 

For general background, see: Konno et al. (2000); Konno 
(2004); Igashira-Kamiyama & Konno (2011). For related 
structures, see: Grapperhaus et al. (2007); Turner et al. (1990). 
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Experimental 

Crystal data 

[Ni 3 (C l0 H 22 N 2 S 2 ) 2 ](ClO 4 )2 

M, = 843.83 

Monoclinic, P2 l /c 

a = 8.0253 (19) A 

b = 16.208 (4) A 

c = 12.807 (3) A 

P = 105.033 (6)° 

Data collection 

Rigaku AFC7 (Mercury CCD) 
diffractometer 

Absorption correction: multi-scan 
(REQAB; Jacobson 1998) 
T min = 0.619, r max = 0.705 

Refinement 

R[F 2 > 2a(F 2 )] = 0.035 

wR(F 2 ) = 0.082 

S = 1.04 

3626 reflections 

235 parameters 



V = 1608.8 (7) A 3 
Z = 2 

Mo Ka radiation 
p = 2.21 mm~' 
T = 123 K 

0.24 x 0.24 x 0.17 mm 



15030 measured reflections 
3626 independent reflections 
3391 reflections with F 2 > 2.0<r(F 2 ) 
R iM = 0.027 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.71 e A~ 3 

Ap mi „ = -0.70 e A~ 3 



Data collection: CrystalClear (Rigaku, 2007); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999) and publCIF 
(Westrip, 2010). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2508). 
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Bis(M 2 -4 r 7-dimethyl-4,7-diazadecane-1 r 10-dithiolato)trinickel(ll) bis- 
(perchlorate) 

Masakazu Hirotsu, Naoto Kuwamura, Isamu Kinoshita, Masaaki Kojima and Yuzo Yoshikawa 
Comment 

Thiolate ligands have a high propensity to bridge transition metal ions and form sulfur-bridged polynuclear metal 
complexes. Metal complexes of polydentate ligands with thiolato-S atoms were used to construct supramolecular 
compounds (Konno et ah, 2000; Konno, 2004; Igashira-Kamiyama & Konno, 2011). Nickel(II) complexes containing di- 
amine dithiolate ligands act as a bidentate-S,S metalloligand. The title compound [Ni{Ni(CioH 2 2N 2 S2)}2](C10 4 )2, (I), was 
synthesized by the reaction of 3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanethiol) with nickel(II) acetate 
tetrahydrate. The corresponding mononuclear nickel(II) complex [Ni(CioH22N 2 S 2 )], (II), which has a five-membered N,N- 
and two six-membered ,/V,S-chelate rings, was synthesized and structurally characterized (Grapperhaus et ah , 2007). On 
the other hand, a mononuclear nickel(II) complex of 2,2'-[l,2-ethanediylbis(methylimino)]bis(ethanethiolate) (L), 
[Ni(L)], reacts with nickel(II) chloride to afford a sulfur-bridged trinuclear complex, [Ni{Ni(L)} 2 ]Ci2, (III), in which the 
S,jV,iV,S-tetradentate ligand L forms five-membered N,N- and A^S-chelate rings (Turner et ah, 1990). The trinuclear 
complex (III) has a chair structure consisting of a central NiS 4 and two terminal NiN 2 S 2 planes, where the dihedral angle 
between the NiS 4 and NiN 2 S 2 planes is 107.84 (7)°. In this report, we discuss the structure of the new S-bridged Ni n 3 
complex (I), in which the size of the N,S-chelate rings is larger than that of (III). 

The title compound (I) is composed of a complex cation, [Ni{Ni(CioH 2 2N 2 S2)}2] 2+ , containing two N 2 S 2 tetradentate 
ligands, 3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanethiolate), and two perchlorate anions (Fig. 1). The complex 
cation consists of a nickel(II) ion and two mononuclear [Ni(CioH 2 2N 2 S2)] complex units, and the overall structure is 
similar to that of (III). The central Ni atom is located on a crystallographic inversion center and is surrounded by four S 
atoms of the two planar [Ni(CioH 2 2N 2 S2)] units. The NiS 4 structure is also planar. The structural parameters of the 
[Ni(CioH 2 2N 2 S2)] unit in (I) are quite similar to those of the mononuclear complex (II). However, two methyl groups on 
the chelating N atoms of (I) are in a cis position to each other, while those of (II) are in a trans position. The dihedral 
angle between the NiS 4 and NiN 2 S 2 planes is 145.71 (5)°, which is significantly larger than that of (III) with five- 
membered N,S-chelate rings. Furthermore, the Ni— S— Ni angles (92.46 (3)°, 92.32 (2)°) and the Ni-Ni distance 
(3.1518 (6) A) in (I) are larger than those in (III) (77.71 (4)°, 78.10 (4)°, 2.748 (1) A). These results suggest that the 
chelate ring size of polydentate thiolate ligands largely affects the structure of S-bridged polynuclear metal complexes. 

Experimental 

For the preparation of 3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanol), a solution of 3-bromo-l-propanol (11.66 g, 
84 mmol) in CH2CI2 (30 ml) was added dropwise to a solution of A^A^-dimethylethylenediamine (3.53 g, 40 mmol) and 
AyV-diisopropylethylamine (10.83 g, 84 mmol) in CH2CI2 (20 ml). The solution was stirred for 31 h at room temperature. 
An aqueous solution of NaOH (4 mol dm 3 , 50 ml) was added. The product was extracted with CH 2 C1 2 (300 ml). After 
removing the solvent, distillation under reduced pressure gave a colorless oil of 3,3'-[l,2-ethanediylbis(methylimino)]bis- 
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(l-propanol) (2.85 g, 35%). »H NMR (270 MHz, CDC1 3 ) 6 1.58-1.68 (m, 4H), 2.18 (s, 6H, CH 3 ), 2.43 (s, 4H, 
NCtf 2 C/Y 2 N), 2.49 (t, J= 6.3 Hz, 4H), 3.67 (t, J= 5.4 Hz, 4H), 5.20 (s, br, 2H). 

For the preparation of 3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanethiol), a mixture of 3,3'-[l,2-ethane- 
diylbis(methylimino)]bis( l-propanol) (0.82 g, 4.0 mmol), 47% HBr aq. (11 ml, 103 mmol), and thiourea (0.76 g, 10 
mmol) was refluxed for 24 h. An aqueous solution of NaOH (2.5 mol dm 3 , 52 ml) was added under N 2 , and the 
suspension was refluxed for 5 h under N 2 . The produced oil was extracted with diethyl ether (100 ml). The solution was 
adjusted to pH 8-9 with an aqueous HC1 solution (2 mol dm 3 ), and the product was extracted with diethyl ether (200 ml). 
The combined extracts were dried over Na 2 S0 4 , and the solvent was removed by evaporation to afford a pale yellow oil 
(0.77 g, 81%). 'HNMR (270 MHz, CDC1 3 ) S 1.70-1.82 (m, 4H), 2.21 (s, 6H, CH 3 ), 2.45 (s, 4H, NGH2CH2N), 2.39-2.58 
(m, 8H). 

For the synthesis of the title compound (I), a solution of 3,3'-[l,2-ethanediylbis(methylimino)]bis(l-propanethiol) (0.71 
g, 3.0 mmol) in methanol (10 ml) was added to a suspension of nickel(II) acetate tetrahydrate (1.50 g, 6.0 mmol) in 
methanol (20 ml). The resulting dark brown suspension was stirred for 5 min, and then sodium perchlorate monohydrate 
(0.85 g, 6.0 mmol) was added. After stirring for 30 min, brown precipitate was filtered and washed with MeOH, H 2 0, and 
then MeOH. The brown solid of (I) was dried under reduced pressure over P 4 Oio (0.44 g, 35%). Red crystals suitable for 
X-ray analysis were obtained by heating a solution of (I) in A^A^-dimethylformamide (DMF). Anal. Calcd for 
C 20 H44Cl 2 N4Ni 3 O 8 S 4 : C, 28.47; H, 5.26; N, 6.64%. Found: C, 28.63; H, 5.03; N, 6.68%. »H NMR (300 MHz, dimethyl- 
sulfoxide-ds): S 1.41-1.70 (m, br, 8H), 1.87-2.03 (m, br, 4H), 2.07-2.29 (m, br, 4H), 2.36-2.48 (m, br, 4H), 2.46 (s, 12H, 
CH 3 ), 2.59-2.86 (m, br, 8H), 3.47-3.66 (m, br, 4H). 13 C NMR (75.5 MHz, dimethylsulfoxide-J 6 ): S 24.0, 26.0, 45.3, 58.7, 
60.1. UV-Vis (DMF): A/nm (e/dm 3 mol 1 cm 1 ), 334 (14800), 397 (8730), 480 (1900, sh). Cyclic voltammogram (solvent, 
DMF; concentration, 5.0 x 10 4 mol dm 3 ; supporting electrolyte, 0.1 mol dm" 3 Bu 4 NPF 6 ; working electrode, 0.02 cm 2 Pt 
disk electrode; scan rate, 100 mV/s): E/Y (versus ferrocenium/ferrocene); E pc , -1.95 (/ pc =1.7 fiA); Em, -1.59 (AE P = 69 
mV, j'pa/z'pc = 0.59, z'pc = 1.6 fiA). 

Refinement 

All non-H atoms were refined anisotropically. H atoms on the N,S-chelate rings were located in a difference Fourier map 
and were refined isotropically. All other H atoms were located on calculated positions with C — H(methylene) = 0.99 A 
and C — H(methyl) = 0.98 A, and were refined using a riding model with £/ iso (H) = 1 2U eq (C). 

Computing details 

Data collection: CrystalClear (Rigaku, 2007); cell refinement: CrystalClear (Rigaku, 2007); data reduction: CrystalClear 
(Rigaku, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999) mid publCIF (Westrip, 2010). 
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Bis(/i 2 -4,7-dimethyl-4,7-diazadecane-1,10-dithiolato)trinickel(ll) bis(perchlorate) 



Crystal data 

[Ni 3 (CioH 22 N 2 S 2 ) 2 ](C10 4 ) 2 
M T = 843.83 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 8.0253 (19) A 
6= 16.208 (4) A 
c= 12.807 (3) A 
P= 105.033 (6)° 
V= 1608.8 (7) A 3 
Z=2 

Data collection 

Rigaku AFC7 (Mercury CCD) 

diffractometer 
Radiation source: rotating anode X-ray tube 
Graphite monochromator 
Detector resolution: 7.31 pixels mm 1 
co scans 

Absorption correction: multi-scan 

(REQAB; Jacobson, 1998) 
r mm = 0.619, r max = 0.705 

Refinement 

Refinement on F 1 
Least-squares matrix: full 
R[F- > loiF 1 )] = 0.035 
wR{F*) = 0.082 



F(000) = 876.00 

D % = 1.742 MgrrT 3 

Mo ATct radiation, 1 = 0.71075 A 

Cell parameters from 7222 reflections 

(9 = 4.1-27.5° 

// = 2.21 mirT 1 

T= 123 K 

Prism, red 

0.24 x 0.24 x 0.17 mm 



15030 measured reflections 
3626 independent reflections 
3391 reflections with F 2 > 2.0^) 
Rim = 0.027 

ftnax — 27.5°, 8 m in = 4.1° 

h = -10— >10 
£ = -21^20 
/ = -13— »-16 



S = 1.04 
3626 reflections 
235 parameters 
0 restraints 
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H atoms treated by a mixture of independent 

and constrained refinement 
w = \l[c?{F 2 ) + (0.03197 3 ) 2 + 3.9221P] 

where P = (F 0 2 + 2F 2 )/3 

Special details 

Refinement. Refinement was performed using all reflections. The weighted 7?-factor (wR) and goodness of fit (5) are 
based on F 2 . i?-factor (gt) are based on F. The threshold expression of F 2 > 2.0 ^{F 1 ) is used only for calculating i?-factor 
(gt). 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Ap max = 1.71 e A" 3 
Ap^ = -0.70 e A" 3 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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Cll— 02 


1.430(2) 


C7— C8 


1.454 (5) 


Cll— 03 


1.425 (2) 


C7— Nl 


1.529 (4) 


Cll— 04 


1.426 (3) 


C7— H7A 


0.9900 


CI— C2 


1.518 (4) 


C7— H7B 


0.9900 


CI— SI 


1.824 (3) 


C8— N2 


1.481 (4) 


CI— HI A 


0.97 (4) 


C8— H8A 


0.9900 


CI— H1B 


0.89 (4) 


C8— H8B 


0.9900 


C2— C3 


1.520 (4) 


C9— Nl 


1.466 (4) 


C2— H2A 


1.00 (3) 


C9— H9A 


0.9800 
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C2— H2B 
C3— Nl 
C3— H3A 
C3— H3B 
C4— C5 
C4— S2 
C4 — H4A 

Nl— Nil— N2 
Nl— Nil— SI 
N2— Nil— SI 
Nl— Nil— S2 
N2— Nil— S2 
SI— Nil— S2 
SI— Ni2— S2 
SI— Ni2— S2' 
Nil— SI— CI 
Ni2— SI— CI 
Nil— S2— C4 
Ni2— S2— C4 
Nil— SI— Ni2 
Nil— S2— Ni2 
03— CI 1—04 

03— CI 1—02 

04— CI 1—02 

03— CI 1—01 

04— CI 1—01 
02— Cll— 01 
C2— CI— SI 
CI— C2— C3 
Nl— C3— C2 
C5— C4— S2 
C6— C5— C4 
N2— C6— C5 
C8— C7— Nl 
C7— C8— N2 
C9— Nl— C3 
C9— Nl— C7 
C3— Nl— C7 
C9— Nl— Nil 
C3— Nl— Nil 
C7— Nl— Nil 
C8— N2— C6 
C8— N2— CIO 
C6— N2— CIO 
C8— N2— Nil 
C6— N2— Nil 
CIO— N2— Nil 
C2— CI— HI A 



0.97 (4) 
1.491 (3) 
0.98 (4) 
0.99 (3) 
1.519(4) 
1.836 (3) 
0.94 (3) 

88.90 (9) 
95.68 (7) 
174.27 (7) 
176.66 (7) 
93.34 (7) 
82.24 (3) 
81.39(3) 
98.61 (3) 
105.91 (10) 
106.63 (10) 
100.09 (9) 
102.93 (9) 
92.46 (3) 
92.32 (2) 
109.37 (17) 
111.38(16) 
110.42(16) 
107.56 (19) 
109.6 (2) 
108.46(16) 
111.9(2) 
113.9(2) 
115.7(2) 
112.6(2) 
114.5(2) 
115.0(2) 
110.6(3) 

109.8 (3) 
110.5 (2) 
111.3 (3) 

104.3 (2) 
110.34(19) 
117.14(16) 
102.81 (18) 

109.9 (2) 
106.2 (3) 

108.4 (2) 
106.90(19) 
113.38(16) 
111.83 (17) 
110(2) 



C9— H9B 
C9— H9C 
CIO— N2 
CIO— H10A 
CIO— H10B 
CIO— H10C 
Nil— Ni2 

C3— C2— H2A 
CI— C2— H2B 
C3— C2— H2B 
H2A— C2— H2B 
Nl— C3— H3A 
C2— C3— H3A 
Nl— C3— H3B 
C2— C3— H3B 
H3A— C3— H3B 
C5— C4— H4A 
S2— C4— H4A 
C5— C4— H4B 
S2— C4— H4B 
H4A— C4— H4B 
C6— C5— H5A 
C4— C5— H5A 
C6— C5— H5B 
C4— C5— H5B 
H5A— C5— H5B 
N2— C6— H6A 
C5— C6— H6A 
N2— C6— H6B 
C5— C6— H6B 
H6A— C6— H6B 
C8— C7— H7A 
Nl— C7— H7A 
C8— C7— H7B 
Nl— C7— H7B 
H7A— C7— H7B 
C7— C8— H8A 
N2— C8— H8A 
C7— C8— H8B 
N2— C8— H8B 
H8A— C8— H8B 
Nl— C9— H9A 
Nl— C9— H9B 
H9A— C9— H9B 
Nl— C9— H9C 
H9A— C9— H9C 
H9B— C9— H9C 
N2— CIO— HI OA 



0.9800 

0.9800 

1.510(4) 

0.9800 

0.9800 

0.9800 

3.1518(6) 

109.8(19) 
108 (2) 
105 (2) 
112(3) 

108 (2) 
112(2) 
107.9(19) 
108.7(19) 

104 (3) 
112(2) 
106(2) 
110.2(19) 
107.8(19) 

109 (3) 
110.1 (18) 
108.8(18) 

105 (2) 
109(2) 
110(3) 
108.8(18) 
109.7(18) 
106.0(18) 
111.5 (18) 
105 (2) 
109.5 
109.5 
109.5 
109.5 
108.1 
109.7 
109.7 
109.7 
109.7 
108.2 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
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SI— Cl— H1A 


106 (2) 


N2— C10— HI 0B 


109.5 


C2 — Cl — H1B 


1 AO ZO\ 

108 (2) 


TT1AA pi A tti nn 

HI OA — C10 — HI 0b 


1 AA C 

109.5 


c 1 /"< 1 tti n 

Si — Cl — H1B 


109 (2) 


N2 — C 1 0 — H 1 0C 


1 AA C 

109.5 


TTI A TTI T) 

H1A — Cl — Hits 


112 (3) 


TT1AA pi A TT1 

HI OA — C10 — H10C 


1 AA C 

109.5 


c 1 /"""o t to a 

C 1 — C2 — H2A 


1 AO H /1 0\ 

108.7 (18) 


tti AT) f ' 1 A TT1 A/' "• 

H 1 0B — C 1 0 — H 1 0C 


1 AA C 

109.5 


ci *~< 1 c^i c~i 

SI — Cl — C2 — C3 


67.6 (3) 


C 1 XT." 1 \m C O i 

S 1 — N 1 1 — N 1Z — Sz 1 


37.83 (4) 


C 1 — C2 — C3 — N 1 


-69.6 (3) 


\r 1 XTJO coi 

iSz — N 1 1 — N iz — Sz 


1 OA A 

180.0 


S2 — C4 — C5 — Co 


-67.3 (3) 


XT1 XTJ 1 \T;i C^ 

N 1 — N 1 1 — N iz — iSz 


1 nn aa / 1 a\ 

177.99 (10) 


C4 — C5 — Co — N2 


65.5 (3) 


XTO XT.' 1 XT.'O Cl 

N z — N 1 1 — N iz — Sz 


in CO / 1 A\ 

30.68 (10) 


XT 1 i~<0" /^O XTO 

N 1 — C7 — Co — N2 


c 1 n / a \ 

51.0 (4) 


C 1 M." 1 \m C^> 

S 1 — N 1 1 — N iz — Sz 


— 142. 17 (4) 


C2 — Ci — N 1 — C9 


—63.8 (3) 


xti \t: 1 xm c 1 i 

N 1 — Nil — Niz — SI 


140.16 (10) 


/~>0 /"• O XT1 r ,r 7 

Cz — C3 — JN 1 — C / 


1 /o.j (3) 


X.TT XT^ 1 XT-IO C 1 i 

Nz — N 1 1 — N lz — S 1 


— /.16 (1U) 


r • ~) /"") XT 1 \t: 1 

Cz — C3 — N 1 — N 1 1 


63.7 (3) 


c 1 \n 1 \t:i c 1 i 

SI — Nil — Niz — SI 


1 OA A 

180.0 


Co — C7 — N 1 — C9 


74.6 (4) 


Cl \T' 1 XT'^l Cli 

S2 — Nil — Ni2 — SI 


-37.83 (4) 


C8 — C7 — Nl — C3 


-166.2 (3) 


xti m: 1 \t;i ci 
N 1 — N 1 1 — N IZ — S 1 


OA OA / 1 A\ 

—39.84 (10) 


/^O XT1 XK 1 

Co — C / — JN 1 — Nil 


-43.5 (3) 


XT'", XT^ 1 XT.'O C 1 

Nz — N 1 1 — N lz — S 1 


1 TO OA i 1 n\ 

1 /2.84 (1U) 


Cl CO x 1 O *~<z: 

C7 — Co — N2 — Co 


92.5 (3) 


\T! 1 XTJO C 1 

S 2 — N 1 1 — N i2 — S 1 


1/IO 1 T f A \ 

142. 17 (4) 


C 7 — C 0 — N 2 — C 1 0 


-150.5 (3) 


C2 — Cl — SI — Nil 


-57.8 (2) 


/""7 /"i O XTO XT.I 1 

C 7 — C 0 — N 2 — N 1 1 


O 1 A /A \ 

-31.0 (4) 


C2 — C 1 — S 1 — N i2 


1 c c o /o\ 

-155.3 (2) 


CZ CC XT'") CO 

CD — Co — NZ — Co 


1 /3.Z (3) 


XT1 XT," 1 Cl 1 

Nl — Nil — SI — Cl 


A1 OO /10\ 

43.o3 (13) 


C 5 — C 0 — N 2 — C 1 0 


57.6 (3) 


01 XT."1 C1 f ' 1 

S2 — Nil — SI — Cl 


-133.54 (11) 


C5 — Co — N2 — Ni 1 


-67.2 (3) 


\T'^ XT*1 C1 f ^ 1 

Ni2 — Nil — SI — Cl 


1AO A/' /1 1\ 

-108.06 (11) 


C ' (\ XT 1 \TJ 1 XTO 

C9 — N 1 — Nil — N2 


AO £. ZO\ 

-98.6 (2) 


xti \t; 1 ci m;o 

N 1 — Nil — SI — Ni2 


1 c 1 oa sn\ 

151.89 (7) 


C ' ~) XT1 \t; 1 XTO 

C3 — N 1 — Nil — Nz 


100 0 /o\ 

133.0 (2) 


CO XTJ 1 C 1 XT-IO 

S2 — N 1 1 — S 1 — N i2 


O C AO ZO\ 

-25.48 (2) 


/— 1 XT1 \T' 1 

C7 — N 1 — Nil — N2 


20.1 (2) 


n^j XT'O C1 C ^ 1 

S2 1 — Ni2 — SI — Cl 


A "7 O ") / 1 A\ 

-47.23 (10) 


/""^A XT1 \T" 1 HI 

C9 — Nl — Nil — SI 


11.9 (2) 


S2 — Ni2 — SI — Cl 


1 ") O / 1 A\ 

132.77 (10) 


/~i 0 xti \t; 1 ci 

C3 — Nl — Nil — SI 


/I A H ZO\ 

-49.7 (2) 


\r 1 XTJO C1 C ' 1 

Nil — Ni2 — SI — Cl 


1 AT /I 1 / 1 A\ 

107.41 (10) 


CH XT1 XT* 1 C1 

C/ — Nl — Nil — SI 


—163.34 (19) 


COi XT,"0 C1 XT,' 1 

Sz — N iz — S 1 — N 1 1 


1 ZA CA /OA 

— 154.64 (Z) 


/— < /~\ XT1 \T - 1 \T'i 

C9 — Nl — Nil — Ni2 


1 A A C \ 

104.5 (2) 


CO XT'1 C1 XT' 1 

S2 — Ni2 — SI — Nil 


O C O /" /O \ 

25.36 (2) 


/~i O XT1 \t; 1 XT*'! 

C3 — N 1 — Nil — Niz 


-23.1 (2) 


C ' r A CO \t; 1 

C5 — C4 — S2 — N 1 1 


A ZO\ 

64.9 (2) 


CH XT1 \i: 1 \ri 

C7 — N 1 — Nil — Niz 


W ^ £L H A / 1 0\ 

-136.74 (18) 


CZ CA CO XTJO 

C5 — C4 — S2 — Ni2 


1CA ^O /10\ 

159.63 (18) 


i^O XTO XT, 1 XT1 

Co — Nz — Nil — N 1 


4.8 (2) 


XTO XTi 1 CO CA 

N Z — JN 1 1 — bz — C4 


ZA Cf\ 0\ 

— 54.6U (IZ) 


Z" 1 f~ XTO \T" 1 XT1 

Co — N2 — Nil — Nl 


-116.41 (18) 


C1 XT'1 CO /~* A 

SI — Nil — S2 — C4 


1 OA f\~7 /1 A\ 

129.07 (10) 


C 1 Ci \T1 \r 1 XT1 

CIO — N2 — Nil — Nl 


120.7 (2) 


xtjo \t: 1 CO CA 

N l2 — N 1 1 — S2 — C4 


1 A1 cn / 1 A\ 

103.57 (10) 


Co — N2 — Nil — S2 


-177.6 (2) 


XTO XT.'I co \m 

N 2 — N 1 1 — S2 — N l2 


1 c 0 n /n\ 

-158.17 (7) 


cc xto xt; 1 co 
Co — JN Z — JN 1 1 — aZ 


z: 1 1 1 /1 
Ol.ll (1 /) 


Cl XT^ 1 CO XT^O 

5>1 — JNll — oZ — JNlZ 


IZ Zf\ /o \ 

Z5.5U (Z) 


CIO— N2— Nil— S2 


-61.82(19) 


SI 1 — Ni2— S2— C4 


53.82 (9) 


C8— N2— Nil— Ni2 


161.56(19) 


SI— Ni2— S2— C4 


-126.18 (9) 


C6— N2— Nil— Ni2 


40.3 (2) 


Nil— Ni2— S2— C4 


-100.91 (9) 


CIO— N2— Nil— Ni2 


-82.6 (2) 


SI 1 — Ni2— S2— Nil 


154.73 (2) 


Nl— Nil— Ni2— S2' 


-2.01 (10) 


SI— Ni2— S2— Nil 


-25.27 (2) 



N2— Nil— Ni2— S2 1 -149.32 (10) 

Symmetry code: (i) -x, -y+l, -z+2. 



Acta Cryst. (2012). E68, m307 



sup-7 



